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Abstract
· AIM:Toevaluatetheeffectsofmoxifloxacinexposure
ontheconjunctivalfloraandantibioticresistanceprofile
followingrepeatedintravitrealinjections.
· METHODS:Seventy-twoeyesof36patients[36eyesin
controlgroup,36eyesinintravitrealinjection(IVI)group]
wereenrolledinthestudy.Alltheeyeshadatleastone
IVIandhaddiabeticmacularedema(DME)orage-related
macular degeneration (ARMD). Moxifloxacin was
prescribedtoallthepatientsfourtimesadayforfive
days following injection. Conjunctival cultures were
obtained from the lower fornix standardized
techniquewitheverypossibleeffortmadetominimize
contaminationfromthelids,lashes,orskin.Beforethe
applicationofanyophthalmicmedication,conjunctival
cultureswereobtainedfrombotheyesusingsterile
cottonculture.Anautomatedmicrobiologysystemwas
usedtoidentifythegrowingbacteriaanddetermine
antibioticsensitivity.
· RESULTS:Thebacterialcultureswereisolatedfrom72
eyesof36patients,sixteenofwhompatients (44.4%)
weremaleandtwenty(55.6%)werefemale.Averageage
was68.4 依9.0 (range50-86).Theaveragenumberof
injectionsbeforetakingcultureswas3.1+1.0.Forty-eight
(66.7%)of72eyeshadatleastonesignificantorganism.
Therewasnobacterialgrowthin8 (20.5%)ofIVIeyes
andin16 (44.4%)ofcontroleyes ( =0.03).Ofthe
bacteria isolated from culture, 53.8% of coagulase
negativestaphylococci (CoNS)inIVIeyesand47.2%
CoNSincontroleyes.ThisdifferencebetweenIVIeyes
andcontroleyesaboutbacteriaisolatedfromculturewas
notstatisticallysignificant(=0.2).Elevenof25bacteria
(44.0%)isolatedfromIVIeyesand11 (57.9%)of19
bacteriaisolatedfromcontroleyeswereresistantto
oxacillin.Thedifferenceinfrequencyofmoxifloxacine
resistancebetweentwogroupswasnotstatistically
significant(12.0%inIVIeyesand21.1%incontroleyes)
( =0.44). There were no cases of resistance to
vancomycin,teicoplaninandlinezolid.
· CONCLUSION:Therewasnodifferenceinspeciesof
bacteriaisolatedfromcultures,orinthefrequencyof
resistancetoantibioticsbetweeneyesthathadrecurrent
IVIfollowedbymoxifloxacinexposurecomparedwith
controleyes.However,thenumberofeyesthathad
bacterialgrowthwashigherinIVIgroupthaninthe
controlgroup.
· KEYWORDS: intravitrealinjection; moxifloxacin;
endopthalmitis
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INTRODUCTION
T
heuseofintravitrealinjection(IVI)hasincreasedin
recentyearssincetheeffectivenessofanti-vascular
endothelialgrowthfactor (anti-VEGF)agentsisprovedto
haveplayedanimportantroleinophthalmologicdiseases
suchas exudative age-related maculardegeneration
(ARMD),retinalveinocclusionanddiabeticmacularedema
(DME)
[1-3].AlthoughIVIisaneffectiveandsafemethod,
endophtalmitisisthemostimminentcomplication.The
incidenceofendopthalmitisafterIVIisaslowas0.019%
[4-6].
Theissueofincreasedbacterialresistancehasattracted
recentattention.Itissuggestedthatrepeatedexposureto
antibioticsandpovidoneiodine5%afterIVImightalterthe
structureofconjunctivalflora,andalsofacilitatethe
developmentofantibiotic-resistantbacterialcolonies.The
literaturecontainsfewstudiesontheeffectsofrepeateduse
ofantibioticsandpovidoneiodinewithregardtothe
developmentofbacterialresistance
[7-10].Theseprospective
studiesareconductedwithsmallsamplesizesandfindings
855aresubjecttochangedependingonindividualandregional
factorsaswellastypesofantibioticsused.Ofcourse,
conjunctivalfloraandthefrequencyofresistanceto
antibiotics changesalong withcountriesandregions.
Thereforesuchfindingsshouldbesupportedwithvarious
multicentricstudies,andthisiswhyweconductedthis
research.
Weconsiderithighlyimportanttorepeatsuchstudies
periodicallyinordertoevaluatethepotentialflorachanges
andantibioticsensitivities.Thepurposeofthisstudyisto
investigatetheeffectsofrepeateduseofmoxifloxacinafter
IVIonconjunctivalfloraaswellasthedevelopmentof
bacterialresistancecomparedwithcontroleyes.
SUBJECTSANDMETHODS
Thissinglecenter,cross-sectional,case-controltrialwas
conductedbetweenJune1,2013andAugust30,2013in
KayseriEducationandResearchHospital,Turkey.Allthe
patientsexaminedagreedtoparticipateinthepresentstudy,
andawritteninformedconsentformwasobtainedfromeach
patient.Thestudywasconductedinaccordancewiththe
DeclarationofHelsinki,andwasapprovedbytheErciyes
UniversityEthicsCommittee(No.2013/423)
Patientsreceived IVI ofranibizumab(Lucentis;
NovartisPharmaAG,Basel,Switzerland;andGenentechInc,
SouthSanFrancisco,CA,USA)injectionatleastoncefor
wettypeARMDorclinicallysignificantDMEenrolledinthe
study.Allthepatientswereagedover20.Theeyesthathad
IVIwereclassifiedasIVIgroup,andtheothereyesofthe
samepatients,whichhadnotpreviouslyhadinjection,were
classifiedascontrolgroup.Exclusioncriteriaweresignsand
symptomsofconjunctivitis,keratitis,blepharitis,glaucoma,
historyofocularsurgery,usingcontactlense,seborrheaof
meiboimangland,obstructionofnasolacrimalductand
chronicdacriosistitis.Alsothepatientswhohadusedoral
antibioticorsteroidforthelasttwomonthswerenotincluded
inthestudy.
Conjunctivalcultureswereobtainedfromthelowerfornix
viastandardizedmethodwitheveryeffortmadetominimize
thecontaminationfromthelids,lashes,orskin.Beforethe
applicationofanyophthalmicmedication,conjunctival
culturesofbotheyeswereobtainedusingsterilecotton
cultureswabmoistenedwithbrain-hearthinfusionbrothagar
(BHIB)andwasinoculatedinto2mLBHIB.TheBHIBwere
incubatedat37℃ for2-4h.ThenthreesamplesfromBHIB
wereincubatedseparatelyin5%sheepbloodagar,eosin
methyleneblueagarandchocolateagar.Thefirsttwowere
incubatedat37℃ for24-48handthelatterwasincubatedin
awax-sealedjarinamediumthatcontained5%to10%
carbondioxide.Theonesampleforthepresenceoffungi
fromBHIBwasincubatedSabourauddextroseagarat25℃
and37℃ for3wk.Cultureresultswereevaluatedthrough
classicalmethods.Colonymorphology,hemolysis,Gram’ s
stain,catalase,oxidaseandcoagulasetestswereperformed.
Fungalcultureswereexploredviacolony,lactophenolcotton
blue preparation,germtubeexperiments,andhyphae,
blastosporeandchlamydosporeformationincournmealagar.
All bacterialisolateswereidentifiedandantibiotics
susceptibilitiesweretestedforeachof14antibioticsbyVitek
2compactautomatedmicrobiologysystem(Biomerieux,
France) Minimalinhibitionconcentrationwasinterpretedas
susceptible,intermediateorresistantinaccordancewiththe
ClinicalLaboratoryStandardsInstituteguidelines.Aquality
controlstrain, ATCC25923,wasusedtovalidate
andmonitorresults.
Afterconjunctivalcultureswereobtained,patientsunderwent
completeocularpreparationforIVIaccordingtoourclinical
protocol.
StatisticalAnalysis Statisticalanalyseswerecarriedout
withSPSSstatisticalsoftware(version21.0forWindows;
IBM).Continuousvariableswerepresentedasmean 依
standarddeviationand(min-max).Categoricalvariableswere
summarizedasfrequenciesandpercentages.Chi-squaretest
orFisherexacttestwasusedtodeterminetheassociations
betweencategoricalvariables.A valueof0.05was
consideredsignificant.
RESULTS
Thebacterialcultureswereisolatedfrom72eyesof36
patientssixteenofwhomweremale(44.4%)andtwenty
werefemale (55.6%).Theaverageageofthepatientswas
68.4 依9(50-86).Table1summarizesthebaseline
demographicsofthestudypopulation.TheindicationforIVI
isARMDin18(50%)ofthepatientsandDMEin18(50%)
ofthepatients.Patientshadanaverageof3.1依1.0previous
injections.Forty-eight (66.6%)of72eyeshadatleastone
significantorganismisolatedfromconjunctiva;oftheseeyes,
3hadtwosignificantorganisms.Nocasesofendophthalmitis
wereobservedduringthestudy.Themicroorganismsisolated
fromIVIeyesandcontroleyeswereshownatTable2.
Thebacteriaisolatedfromconjunctivalculturesdidn'tdiffer
inthemeansofspeciesandcolonycounts(=0.2).There
wasnostatisticallysignificantdifferenceingrowthratioof
and betweentwogroups( =0.24, =0.24,
respectively).Therewasnostatisticallysignificantdifference
inspeciesofbacteriaisolatedfromculturesbetweenDME
andARMD.Butcontroleyeshadlowerbacterialgrowthin
16eyes(44.4%)comparedwithIVIeyesin8eyes(20.5%),
whichisstatisticallysignificant(=0.03).Coagulase
negativestaphylococci(CoNS)wasthemostfrequently
isolatedorganisminbothgroupsofeyes(53.8%inIVIeyes
and47.2%incontroleyes).
Therewasnostatisticallysignificantdifferenceinantibiotic
resistancebetweencontroleyesandIVIeyes.Elevenof25
bacteria(44%)isolatedfromIVIeyesand11of19bacteria
(57.9%)isolatedfromcontroleyeshadoxacillinresistance
( =0.543).Resistancetomoxifloxacinewasobservedin
sevencoloniesfourofwhichwerecomposedof
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Table 2 Organisms isolated from the conjunctiva in patients 
undergoing IVI and control patients                  n (%) 
Parameters  IVI group (n=39)  Control group (n=36) 
S. epidermidis  9 (23.1)  12 (33.3) 
S. hominis  6 (15.4)  4 (11.1) 
S. aerus  6 (15.4)  2 (5.6) 
S. haemolyticus  2 (5.1)  1 (2.8) 
S. warneri  1 (2.6)  -  
S. lugdunensis  1 (2.6)  -  
Kocuria cristinae  1 (2.6)  -  
Kocuria rosea  1 (2.6)  -  
Kocuria varians  0 (0.0)  1 (2.8) 
C. albicans  1 (2.6)  -  
CoNS  21 (53.8)  17 (47.2) 
None  8 (20.5)  16 (44.4) 
CoNS: Coagulase negative staphylococci. 
 
,oneof ,oneof and
oneof .Eightof14coloniesresistantto
ciprofloxacinwere .Resistancetovancomycin,
teicoplaninandlinezolidwasobservedinnoneofthecases.
AntibioticresistancepatternswereshowninTable3.
DISCUSSION
Conjunctivalfloraiscomposedafterthebirthandcould
changewithage,inflammatorydiseaseofeyelids,useof
contact lenses, ocularsurgery,antibiotics,
immunosuppressionandsuchsystemicdiseasesasdiabetes
[11-13].
Normalconjunctivalfloraiscomposedmainlyofgram
positivessimilartoupperrespiratorytractandskinflora.The
mostcommonbacteriainconjunctivaare
species, species,andanaerobic
species. Itispostulatedthatthese
membersofnormalconjunctivalfloraplayprotectiverole
againstpathogenicbacteriabypreventingthegrowthofthem.
Specifically, preventscolonizationfrommore
pathogenic probioticfunction
[14-16].
Despitetheprotectiveroleof ,itisalsothe
mostfrequentorganismisolatedinconjunctivitis,keratitis
andendophtalmitis.Resistantcoloniesof
appearimmediatelyafterexposuretoantibioticsandthey
alsogainresistancetootherclassesofantibioticssuchas
gentamycin,trimethoprim/sulfamethoxazolanddoxycycline.
Resistant coloniescausemorevirulentand
seriousintraocularinflammationandalsotheeradicationof
resistantcoloniesbecomesmoredifficult
[17,18].Schimel
[18]
reported asthemostfrequentisolatedbacteria
(30.1%)fromculturepositiveendophalmitiscasesintheir
studyprolongfortenyears.
Dave
[8] establishedrecurrentexposureto
fluoroquinolonesandazithromycinchangetheconjunctival
floraandincreasegrowthof .Theyfoundout
thatconjunctivalflorawascomposedof45.7%
beforeIVIand63.4%afterIVI.Conversely,
Milder
[9] foundnodifferenceinthemeanofculture
positivityorthespeciesofbacteriaisolatedfromcultures
Table 3 Antimicrobial resistance of organims isolated in the conjunctiva of patients undergoing IVI and control patients     n (%) 
IVI group (n=25)  Control group (n=19) 
Parameters 
Sensitivity  Intermed  Resistance  Sensitivity  Intermed  Resistance 
P 
Oxacillin  14 (56.0)  -  11 (44.0)  8 (42.1)  -  11 (57.9)  0.543 
Penicillin  7 (28.0)  -  18 (72.0)  5 (26.3)  -  14 (73.7)  1.000 
Imipenem   17 (68.0)  -  8 (32.0)  9 (47.4)  -  10 (52.6)  0.285 
Gentamicin   24 (96.0)  -  1 (4.0)  18 (94.7)  -  1 (5.3)  1.000 
Ciprofloxacin   16 (64.0)  2 (8.0)  7 (28.0)  9 (47.4)  3 (15.8)  7 (36.8)  0.505 
Moxifloxacin  22 (88.0)  -  3 (12.0)  15 (78.9)  -  4 (21.1)  0.443 
Erythromycin   16 (64.0)  -  9 (36.0)  12 (63.2)  -  7 (36.8)  1.000 
Clindamycin   21 (84.0)  -  4 (16.0)  17 (89.5)  -  2 (10.5)  0.684 
Linezolid  25 (100.0)  -  -  19 (100.0)  -  -  - 
Teikoplanin  25 (100.0)  -  -  19 (100.0)  -  -  - 
Vankomicin  25 (100.0)  -  -  19 (100.0)  -  -  - 
Tetracycline  11 (44.0)  -  14 (56.0)  10 (52.6)  -  9 (47.4)  0.792 
Tigecyclin  24 (96.0)  1 (4.0)    19 (100.0)  -  -   1.000 
Fusidic acid  14 (56.0)  9 (36.0)  2 (8.0)  9 (47.4)  7 (36.8)  3 (15.8)  0.695 
Sulfamethaxozol  25 (100.0)  -  -  17 (89.5)  -  2 (10.5)  0.181 
 
Table 1 Baseline characteristics and indications for IVI in patients 
undergoing culture of conjunctiva and control patients  
Parameters  Average±standard deviation 
Age a (mix-max)  68.4±9.0 (50-86) 
No. of previous injections (mix-max)  3.1±1.0 (2-6) 
Gender  n (%)   
M  16 (44.4) 
F  20 (55.6) 
Indication   
Diabetes mellitus  18 (50.0) 
ARMD  18 (50.0) 
Eyes undergoing culture   
IVI eyes  36 (50.0) 
Control eyes  36 (50.0) 
ARMD: Age-related macular degeneration; IVI: Intravitreal injection. 
 
857betweenIVIeyesandcontroleyes.
Inourstudy,28speciesofbacteriawereisolatedfromIVI
eyesand20fromcontroleyes.Thisdifferenceisnot
statisticallysignificant.Also,thetwogroupsshowedno
significantdifferenceinthegrowthratioof
and .Thespeciesofbacteriaisolatedfromtwo
groupsarenotdifferent.Thissimilaritybetweenthetwo
groupsmightbeduetothesmallnumberofspecimensand
thelowrateofbacterialgrowth.
Somepreoperativeandpostoperativeprophylacticcautions
arenecessarytoreducetheriskofpost-IVIendophthalmitis.
Aiello
[19] emphasizedtheimportanceofuseofpovidone
iodine,sterileeyelidspeculum,properandsufficient
anesthesiastolowertheriskofpostoperativeendophthalmitis
intheirguideline.Itisadvisedtoavoidexaggerated
manipulationsandparacentesisafterIVI
[19].Preoperativeand
postoperativeantibioticprophylaxisisusedinanumberof
clinics.Recentlytherehavebeendifferentthoughtsabout
advantagesofantibioticprophylaxis
[7,20-22].Inourclinic,we
useprophylacticantibioticimmediatelybeforeIVIandfor5d
afterinjection.
Althoughtopicalantibioticsareusedcommonlyinalinewith
thehypothesisofthatantibioticsdecreaseriskofinfection
afterIVI,Halachmi-Eyal
[23] showedthattherewasno
decreaseinbacterialcolonizationwiththeuseof
moxifloxacin0.5%togetherwithpovidoneiodine5%after
cataractoperation.Insummary,theeffectoftopical
fluoroquinolonesonconjunctivalfloraisnotsoclear.
SpeakerandMenikoff
[20] reportedthatbacteriaisolatedfrom
vitreousofeyeswithendophthalmitisaresimilartobacteria
isolatedfromconjunctivaandnaresofthesamepatients.The
onlyprovenmethodinprophlaxisofendophthalmitisisthe
sterilizationofocularsurfaceswithpovidoneiodine.
Inalargecaseseries,Cheung
[6]foundthatthefrequency
ofendophthalmitisafterIVIwasloweramongpatientswho
didnotuseantibioticsaftertheinjectionthanamongthose
whousedantibiotics.
Bhatt
[24]foundnosignificantdifferenceintheincidence
ofendophthalmitisbetweenpatientswhousedantibioticsand
those whodidnot.Storey
[25] reportedusing
postinjectiontopicalantibioticdropsdoesnotreducetherisk
ofendophthalmitisdevelopingandisassociatedwithatrend
towardhigherincidenceofendophthalmitis.Lyall
[26]
reportedmeasurestominimisetheriskofpost-intravitreal
anti-VEGFendophthalmitisincludetreatmentofblepharitis
beforeinjection,avoidanceofsubconjunctivalanaesthesia,
topicalantibioticadministrationimmediatelyafterinjection
withconsiderationtoadministeringtopicalantibioticsbefore
injection.
Therearedifferenttechniquesandcautionsadvisedtolower
theriskofendophthalmitis.Previousstudiesreportedno
significantdifferenceintheprevalenceofendophthalmitis
betweenthesetechniquesandprecautions
[27,28].
Itwashopedthattherewouldbelowerresistanceandlower
frequencyofpostoperativeendophthalmitiswhenthenew
fourth-generationquinolonesbecomeavailable,duetotheir
widespectrumofantibacterialeffect,goodocularpenetrance
andinhibitoreffecttobothDNAgyraseandtopoisomerase
IV.Despitetheuseoftheseantibiotics,postoperative
endopthalmitiscontinuedtodevelop
[29-31] .
Schimel
[18] reportedreductionofsensitivityto
quinolonesfrom100%to40%inCoNSendopthalmitiscases
during15yfrom1990to2005.Ofcourse,thefrequencyof
resistancetoquinoloneschangesalongwithcountriesand
regions.Inourstudy,thelowincidencemoxifloxacin
resistancemightbeduetoitslimiteduse,becauseuntilone
yearpriortoourstudyitsusewaslimitedtoinpatients.
Inourstudy,thereisnostatisticallysignificantdifferencein
antibioticresistancebetweenIVIandcontroleyes.The
frequency of resistance(21.1%)beforeexposureto
fluoroquinolonesincontroleyesissimilartothatreportedin
otherstudies(32%-34%)
[7,9,21].Kim
[7] andMilder
[9]
reportedwidespreadresistance(63%-77%)afterquinolone
exposure,whereasonly12%of ourpatientsshowed
resistance.Alabiad
[10]foundhighprevalence(45%)of
resistancetofluoroquinolonesinbacteriaisolatedfrom
conjunctivaandnaresofIVIeyes,butfoundno
relationshipbetweentheprevalenceofresistanceandthe
numberofinjections.Theyreportedmoxifloxacineresistance
as32%.TheyconcludedthatrecurrentIVIandsubsequent
exposuretofourth-generationquinolonesdidnotincreasethe
prevalenceofresistantmicroorganisms.However,theuseof
quinolonesasthefirstchoiceforprophylaxisshouldbe
reviewed,duetothehigh prevalenceofresistant
microorganismspresentinconjunctivaandnares.Moss
[21]
showedthatthreedaysexposureto fluoroquinolones
significantlyinhibitedbacterialgrowthinconjunctiva.They
alsofoundasignificantdecreaseinconjunctivalfloraafter
topicalpovidoneiodine.Povidoneiodineactsbyincreasing
thepermeabilityofantimicrobialagentsfrombacterialwall.
Thelimitationsofthisstudyincludethesmallsamplesize,
andthatitwasconductedinonlyonecenter.Inaddition,the
averageof3.1injectionsmightalsobealimitation.Astudy
designedwithahighernumberofinjectionsmightproduce
differentresultstothepresentstudy.Althoughmoxifloxacin
hasbeenavailableinTurkeysince2008,ithasonlybeen
usedforoutpatientssincethesecondhalfof2011.Thiscould
explainthelowprevalenceofresistancetomoxifloxacinin
ourcountry.Theseresultsderivefromalimitednumberof
patients,andshowthesituationonlyinourregion;itis
thereforenotpossibletogeneralizeourresults.
Inconclusion,nodifferencesinbacterialisolatecountsorthe
frequencyofresistancewereobservedbetweencontroleyes
andIVIeyesexposedtomoxifloxacinfollowingrepeated
intravitrealinjection.Also,therewasnotanincreasein
moxifloxacinresistanceafterrepeatedIVIeyesandcontrol
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eyes.However,thenumberofeyeswhichhadbacterial
growthwashigherintheIVIgroupthanthecontrolgroup.
Allofthebacterialisolateswerenoteradicatedby
moxifloxacinwhichisusedafterIVItreatment;sotheuseof
quinolonesasthefirstchoiceforendophthalmitisprophylaxis
shouldbereviewed.
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